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1. Introduction
In Rel-10, there was following agreement about antenna calibration during the discussion of feedback enhancement for 4Tx [1]:
· Optimization to uncalibrated antenna array in addition to calibrated antenna array is desirable;

In addition, a calibration error model was proposed in [2] for performance evaluation with un-calibrated antennas.  In the new MIMO SID [3], issues of real-life deployments (including impact of calibration error on the performance) are identified as the first priority for the study item.
The un-calibrated antenna may result in performance degradation. In this contribution, we study the impact of calibration error on SU-MIMO and MU-MIMO performance.
2. Calibration Error Model
In our simulation, only time alignment error model in [2] as following is considered.  
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i :  antenna index;  
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;  All calibration errors are relative to perfect time reference

N:  Normal distribution, independent across antenna ports and simulation drops

q:  Channel BW scale factor, q = 20MHz/BW, e.g. q = 2 for 10MHz LTE simulations
In our view, time misalignment is a more serious issue comparing with phase misalignment.  The phase alignment error model and its impact on performance can be further studied
3. Impact on SU-MIMO Performance
In this section, system level simulation is performed to evaluate SU-MIMO performance with and without antenna calibration. The evaluation is done in UMi under widely spaced XPOL antenna configuration which is less correlated channel for SU-MIMO. More simulation assumptions can be found in the Appendix.
Table 1 Performance comparison of SU-MIMO cases with and without antenna calibration

	Antenna Configuration
	Calibration
	Average Cell Spectral Efficiency (bps/Hz)
	5% Cell Edge Efficiency (bps/HZ)

	4×4
	calibrated antennas
	3.3783
	0.0880

	
	un-calibrated antennas
	3.3810
	0.0887

	
	Loss in %
	0.08％
	0.79％

	4×2
	calibrated antennas
	2.2143
	0.0474

	
	un-calibrated antennas
	2.2310
	0.0485

	
	Loss in %
	0.75％
	2.27％


From the above results, we can see that it performs slightly better with calibrated antennas in uncorrelated channel for SU-MIMO. The degradation is larger (around 2%) on cell edge performance under 4x2 antenna setup but overall the performance loss is not significant.
4. Impact on MU-MIMO Performance
In this section, system level simulation is performed to evaluate MU-MIMO performance with and without antenna calibration. The evaluation is done in 3GPP Case1 under closely spaced XPOL antenna configuration which is correlated channel for MU-MIMO. SU and MU dynamic switching is supported in the simulation.
Table 2 Performance comparison of MU-MIMO cases with and without antenna calibration
	Feedback granularity
	Calibration
	Average Cell Spectral Efficiency (bps/Hz)
	5% Cell Edge Efficiency (bps/HZ)

	3RB/Subband
	calibrated antennas
	3.2038
	0.0974

	
	un-calibrated antennas
	3.3601
	0.1013

	
	Loss in %
	4.65%
	3.85%

	  6RB/Subband
	calibrated antennas
	3.0185
	0.0913

	
	un-calibrated antennas
	3.1682
	0.0957

	
	Loss in %
	4.73%
	4.60%

	Wideband 
	calibrated antennas
	2.4887
	0.0699

	
	un-calibrated antennas
	2.7074
	0.0757

	
	Loss in %
	8.08%
	7.66%


From the above results, we can see that it performs better with calibrated antennas.  Table 2 shows that performance degrades with un-calibrated antenna under correlated channel for MU-MIMO.  About 5% loss can be observed.  The performance loss is larger than the SU-MIMO cases.  Also, performance loss is larger when the feedback granularity in coarser in frequency.  It has 8% of degradation when it is wideband feedback.
5. Conclusion
From the above discussion and simulation results, we can see that with calibration error in time alignment, SU-MIMO performance degrades slightly under less correlated channel while MU-MIMO performance degrades little bit more under correlated channel.  The degradation is not negligible in MU-MIMO cases especially in wideband case.
Therefore, further study on the following two aspects is recommended:

· Calibration error modeling for real life deployments 
· The need of optimization on CSI feedback if calibration error can’t be neglected in real-life deployment.
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Appendix
Table A1: System level simulation assumptions
	Parameter
	Assumption

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Inter-site distance
	500m for 3GPP Case1, 200m for ITU-UMi

	Operating bandwidth (BW)
	10 MHz

	Penetration loss 
	20dB

	Distance-dependent path loss
	L=128.1  + 37.6log10(.R), R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Inter-eNodeB: 0.5  Inter-cell: 1.0

	UE Speed
	3km/h

	Channel model
	3GPP Case1 SCME-UMa 

ITU – UMi

	Antenna spacing at (eNB,UE)
	SU-MIMO - (4(,(/2) for 4 x4, (4(,N/A) for 4x2 
MU-MIMO - ((/2,N/A) for 4x2 

	Antenna polarization for DP configurations
	+/-45(at eNB,  90/0(at UE

	CQI/PMI/RI reporting 
	5ms for CQI/PMI
Subband CQI/PMI with 6RB or 3RB per subband

	Delay for scheduling and AMC
	6ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-IRC

	HARQ Scheme
	Chase Combining

	Channel estimation

	Non-ideal

	MU Precoding algorithm
	Zero forcing
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